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(54) Aluminium base alloys 

(57) This invention relates to aluminium alloys which can be used for brazing components of aluminium 
alloys or the like at temperatures below 575* C. The aluminium alloy of the present invention includes 
a from 50 to 85% by weight aluminium; 

b) from to 1 7 to 40% by weight copper; 

c) from 0.25 to 5% by weight nickel; and 

d) 1 to 8% by weight silicon. 
With optional additions of> 

up to 1 0% by weight zinc and up to 0.25% by weight of one or more of beryllium, bismuth and strontium. 
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AlumniUB Alloys 



This Invention relates to aluminium alloys which can be 
used for brazing components of aluminium alloys or the like. 

Aluminium alloys and aluminium metal matrix composite 
materials are being used increasingly in a wide range of 
applications, particularly in aerospace, electronics and 
transportation. An Incentive for this trend to continue 1s th< 
attractive properties of engineering aluminium alloys which havi 
higher strength/weight ratio than steel and a higher 
conductivity/weight ratio than copper, while their low melting 
point facilitates the production of complex and intricate parts 
using near-net shape forming techniques. 
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However, the relatively low melting point of these 
alloys, renders roost of them unbrazeable by existing technology. 
The known aluminium-silicon and alumlnium-siHcon-copper brazes can 
only be used for joining aluminium alloy components at brazing 
tenperatures in the range of about 575* - 600'C. Lower brazing 
temperatures result in poor wetting and spread by the molten filler 
alloys while higher temperatures result in excessive erosion 
(dissolution) of the parent materials. Both of these phenomena 
give rise to inferior quality joints. 

The alternative joining methods of mechanical fastening 
and adhesive bonding impose severe constraints on geometry, section 
thickness and suffer from Inherent uncertainties about the 
integrity of the Interface between the mating components. 

The ability to join components of aluminium alloys by 
brazing with an aluminium alloy which can be used at a temperature 
lower than 575*C will represent a major technical achievement and 
enable the production of better functional designs of higher 
reliability. The current choice of braze is severely limited; 
binary alloys melting at lower temperatures have one or other major 
drawbacks that restrict their use. For example, they are either 
brittle, volatile, have poor fatigue properties or are particularly 
expensive due to a high gold content. GB 766368 and EP-A-0381411 
disclose aluminium brazing alloys which contain germanium. These 
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alloys .It at temperatures as low as 400'C. However, these 
aluminium-germanium alloys are exceptionally brittle. 

Therefore there is a general need for new brazing alloys 
that mitigate these disadvantages and which are fully aolten at a 
temperature lower than 575*C. 

It is an object of the present invention to provide an 
.alunrinium alloy wh1* can be used for brazing counts of 
aluminium, aluminium alloys or the like material and is fully 

molten below 575*C. 

According to the present Invention there is provided an 

alloy including 

a) from 50 to 85% by weight aluminium; 

b ) from 0 to 10% by weight zinc; 

c) from 17 to 40% by weight copper; 

d) from 0.25 to 5% by weight nickel; and 

e ) from 1 to 8% by weight silicon. 

Alloys in this composition range melt at temperatures at 

least as low as 490*C. 

The alloys of the present invention may be used for 
brazing components by applying a compressive stress to the braze 
while 1t is molten in the joint gap. 

Preferably the alloy embodying the Invention Includes 
wetting and spreading agents. The concentration of each of said 
wetting and spreading agents in the alloy may be up to 0.25% by 
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weight. Preferably the wetting agent is beryllium and the 
spreading agent is bisnuth. 

Further the alloy embodying the invention may include a 
grain refiner such as strontium for refining the grain structure of 
the solidified alloy. The concentration of such grain refiner 
when present in the alloy may be up to 0.25* by weight. 

According to another aspect of the present invention there 
is provided an alloy Including: 

a) from 50 to 85* by weight aluminium; 

b) from 0 to 10i by weight zinc; 

c) from 17 to 401 by weight copper; 

d) from 0.25 to 5$ by weight nickel; 

e) from 1 to 8* by weight silicon. 

f) from 0.001 to 0.25% by weight bisnuth; 

g ) from 0.001 to 0.251 by weight beryllium; and 

h) from 0.001 to 0.25X by weight strontium. 

In the present invention the percentages of Al, Zn, Cu, Ni 
and Si are selected such that they provide a reasonable compromise 
between cost, melting range, the temperature at which the alloy is 
fully molten and ductility. The resultant alloy of the present 
invention has a low Kiting point, is sufficiently ductile and can 
be mechanically worked without causing any unnecessary fractures. 

In the present invention more than 50% of aluminium 
concentrations are selected as this inproves the mechanical 
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properties of braze preforms, maintains electrochemical 
compatability with aluminium alloy substrates and minimises the 
risk of bi-metallic corrosion. The upper limit of 85% is set by 
the need to restrict the melting range of brazes if they are to be 
useable at temperatures below 575*C. The partial substitution 
for the aluminium by up to 10% zinc can be used to reduce the 
melting point of the alloy. Higher levels of zinc are unsuitable 
for brazing in furnaces owing to the volatile nature of this 
element. 

High concentrations of copper are preferred as this 
element decreases the melting range of brazes. The upper limit of 
40% is set by the embrittling effect produced by this element when 
it alloys with aluminium. Because copper in the absence of 
aluminium and silicon is ductile, multi-layer foils of the type 
Al-Si-Zn/Cu-Ni/Al-Si-Zn et.seq. are inherently ductile Irrespective 
of the effective concentration of copper. Pastes incorporating 
powders of said alloys can be prepared with any concentration of 
copper. Further, the upper limit of copper is set by the need to 
maintain electrochemical compatibility between the solidified braze 
and the aluminium alloy components and which is progressively lost 
as the concentration of copper exceeds 40%. The lower limit of 
17% of copper is set by the need to keep the melting range of 
alloys below 50'C, a characteristic that is beneficial in a braze. 
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In the present Invention nickel is used to substitute for 
copper. An addition of It of nickel has the sane effect for 
decreasing the melting range as about 5% of copper. There is an 
upper limit of about 5* nickel that is added in substitution for 
copper. The upper limit of » nickel is dictated by the severe 
embrittle.!** of the brazing alloys that occurs due to high 

concentration of nickel. 

The addition of nickel is usually made to aluminium alloys 
in order to increase their hardness and inprove their wear 
resistance, particularly in casting alloys. In the present 
invention It has been found that the substitution of copper by 
nickel at higher levels of copper not only decreases the melting 
range of the alloys but, provided the nickel addition 1s below 5% 
it also softens them. Softness and ductility are highly 
beneficial characteristics in brazing alloys since It enables foils 
and other preform geometries to be produce easily by mechanical 
working methods. The substitition of 7$ of copper 1n an alloy of 
composition 68M 27Cu 5S1 with Z% of nickel does not change greatly 
the melting range but decreases the hardness of the alloy by 50Hv. 

High concentrations of silicon are preferred as this 
element depresses the melting point of aluminium but without 
adversely affecting either its electrochemical potential or 
mechanical properties. The upper limit is set by the need to 



avoid the formation of significant quantities of primary silicon 
phases in the alloy, which would embrittle it. About 5% silicon 
is the upper limit for alloys that can be mechanically worked by 
conventional methods and about 8% silicon for the other fabrication 
technologies, including multi-layer foils. The lower limit of 
silicon is set by the need to keep the melting range of brazes 
below 50'C. 

Further according to the invention there 1s provided an 
alloy (A) including: 

a) 72.485% by weight aluminium; 

b) 20% by weight copper; 

c) 2% by weight nickel; 

d) 5% by weight silicon; 

e) 0.25% by weight bismuth; 

f) 0.25% by weight beryllium; 

g) 0.015% by weight strontium. 

The melting range of the alloy A 1s 515-535 *C. 

The Invention also provides for an alloy (B) Including: 

a) 62.485% by weight aluminium; 

b) 5.0% by weight zinc; 

c) 27% by weight copper; 

d) 1% by weight nickel; 

e) 4% by weight silicon; 

f) 0.25% by weight bismuth; 
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g ) 0.25% by weight beryllium; 

h) 0.015X by weight strontium. 

The melting range of the alloy B is 485-513*C. 

In the above two examples of the alloy embodying the 
present invention bismuth, beryllium and strontium are selected as 
an optimum combination from a range of well known elements that 
promote wetting and spreading of aluminium alloys and also refine 
the microstmcture of solidified alloys. However, the alloy of 
the present Invention may consist of aluminium, copper, nickel and 
silicon and in such case these incidental ingredients are not added 
to the alloy. 

For the joining of non-aluminium components that are not 
prone to erosion by molten aluminium, such as molybdenum, brazing 
temperatures up to 720'C are occasionally used in order to achieve 
wetting. The alloys of the present invention could equally be 
used at these higher temperatures 1f required. 

The low melting point alloys embodying the present 
invention maintain electromechanical compatibility between the 
solidified braze and the aluminium components. Further, the 
alloys of the present Invention are sufficiently ductile and can be 
mechanically worked without causing any fractures or unnecessary 
embrittlement. 

Homogeneous ingots of alloys embodying the invention can 
be readily prepared and converted into conventional geometries 
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requlred for making brazed joints such as sheet, foil, rod, wire, 

powder and pastes. 

Alloys embodying the invention with copper and silicon 
contents towards the lower end of the specified range, are more 
ductile and can be mechanically hot-worked to most desired 
geometries. When cold, these alloys have limited ductility and 
therefore intermediate annealing heat-treatment 1s necessary 

between reduction stages. 

Alloy compositions of the present invention can be 
produced as both foil and wire by rapid solidification casting 
processes. The resulting material 1s relatively brittle but its 
ductility can be restored by heat treating 1t at a temperature 
close to the solldus temperature of the alloy, for about 24 hours 

1n an inert atmosphere. 

An alternative fabrication method, that can be used to 
make ductile preforms, is to divide the alloy into combinations of 
constituents that are ductile. For example, both Al-Zn-Si and 
Cu-N1 alloys are ductile within the specified ratios. Thus it 1s 
possible to prepare a laminated structure that contains the 
required constituents 1n the desired proportions and which is 
sufficiently ductile for 1t to be mechanically worked at room 
temperature without annealing. On heat-treatment at elevated 
temperature, the constituents interdiffuse to form a low melting 
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point composition insitu. This heat treatment m*y sinply conprise 

the brazing cycle. 

The alloys of the present invention are treated to remove 

or destabilise surface films that accunulate during fabrication of 

the braze in order to make high quality joints. The alloys can be 

surface treated by one of the following method: 

a) Mechanical abrasion of surface films: A thin layer of the 
alloy is stripped from the surface of the braze preforms. 
Any of the conventional means, such as rubbing with SiC 
inpregnated papers, may be used to achieve this, although 
care should be taken to avoid aqueous and other media that 
will react with the freshly exposed aluminium surface, 
b) 

Chemical etching: The surface layer of the braze may be 
chemically removed using reagents that are known to those 
'skilled in the art 1 . For example, the multilayer 
preforms can be cleaned with warm NaOH followed by dilute 
HNO3 when the surface layers are Al-Si or just dilute 
HNO3, when the surface layers are Cu-N1. 

c) Vapour phase cleaning: Conventional vapour phase cleaning 
methods such as reverse-bias sputtering and fast atom 
bombardment can be used to achieve similar effect. 
Irrespective of the cleaning msthod, a thin surface film 

will form when the braze is exposed to air. The film will impede 
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flow by the molten braze. This can be overcome by either applying 
a conpressive stress to the braze while it 1s molten in the joint 
gap, or coating the cleaned braze with a metallic layer that does 
not oxidise readily immediately following the cleaning operation. 
Nickel, silver and copper are suitable metals for this function and 
can be easily applied using both chemical and vapour phase 
processes. The ratal layer needs to be sufficiently thick to 
ensure that 1t 1s pore free to avoid corrosion of the braze during 

storage prior to use. 

The brazing cycle can be performed 1n both inert gas and 
high vacuum environments and involves heating the braze close to 
its liquldus temperature for sufficient time to obtain the desired 
extent of flow by the molten filler and depth of reaction with the 
substrates. It is generally beneficial to use the shortest 
possible brazing cycle time to minimise degradation of the parent 
materials. 

EXAMPLE 1 

72 .485A1 -20Cu-2Ni-5Si-0. 25Bi-0. 25Be-0. 015Sr 

Melting range 515-535 *C 

This alloy composition is converted by rapid 
solidification process to provide continuous (50m) lengths of 
reasonable quality strip 50mm wide by lOOum thick. The strip or 
foil 1s heat-treated at 475-500 *C for, ideally 24 hours, in a 
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nitrogen atmosphere, which renders 1t sufficiently ductile for it 
to be bent round a 3ran diameter rod without fracture. The foil 

can also be cold rolled. 

In order to prevent deterioration in storage, the alloys 
are surface treated preferably by electrochemical methods that 
involve applying a strike layer of zinc which is then overlaid with 
nickel then either copper or silver. 

Brazed joints are made using the cleaned and coated foil 
1n both nitrogen and high vacuum atmospheres. Excellent fillets 
and joints are obtained with chemically cleaned Al-Mn substrates at 
530 *C, 550 *C and 600 *C. 

EXAMPLE 2 



62.485A1 27Cu 1N1 4S1 5Zn 0.25B1 0.25Be 0.015Sr 
Melting range 485-513*C 

This alloy is similar to the first example but benefits 
from a narrower melting range and reduced melting point, due to the 
presence of zinc. A 5% addition of this element is sufficiently 
low so as not to contaminate furnaces owing to it relatively low 
vapour pressure. 
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CLAIHS 

1. An alloy including: 

a) from 50 to 85% by weight aluminium; 

b) from to 17 to 40% by weight copper; 

c) • from 0.25 to 5% by weight nickel ; and 

d) 1 to 8% by weight silicon. / 

2 . An alloy as claimed in Claim 1, further including wettin. 

and spreading agents. 

3 A„ alloy as clalaed 1» C1.1. 1 «• 2. '""her <""»«"» ' 
grain raftnar for ref1Mn 9 the ,r.1n structure of the solidified 

alloy. 

4. An alloy Including: 

a) from 50 to 85% by weight aluminium; 

b) from to 17 to 40% by weight copper; 
C ) from 0.25 to 5% by weight nickel ; 

d) 1 to 8% by weight silicon. 

e) from 0.001 to 0.25% by weight bismuth; 

f) from 0.001 to 0.25% by weight beryllium; and 
a) from 0.001 to 0.25% by weight strontium. 
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5. An alloy as claimed in any one of Claims 1 to 4, further 
including up to 10% by weight of zinc to lower the temperature at 
which the alloy is fully molten. 

6. An alloy Including: 

a) 72.485% by weight aluminium; 

b) 20% by weight copper; 

c) 2% by weight nickel; 

d) 5% by weight silicon; 

e) 0.25% by weight bismuth; 

f) 0.25% by weight beryllium; 

g) 0.015% by weight strontium. 

7. An alloy Including: 

a) 62.485% by weight aluminium; 

b) 5% by weight zinc; 

c) 27% by weight copper; 

d) 1% by weight nickel; 

e) 4% by weight silicon; 

f ) 0.25% by weight bismuth; 

g) 0.25% by weight beryllium; 

h) 0.015% by weight strontium. 

8. An alloy according to Claim 1 substantially as 
hereinbefore described. 

9. A foil or strip of an alloy as claimed in any one of 
Claims 1 to 8. 
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10. A foil or strip as claimed 1n Claim 9, which is heat 
treated at 25 to 50 *C below the melting point of the alloy in an 
inert atmosphere. 

11. A foil or strip as claimed in Claim 9, which is surface 
treated electrochemical ly. 

12. A foil or strip as claimed in Claim 11 including a layer 
of zinc provided thereon and a layer of copper, silver, nickel or 
combinations thereof provided on said zinc layer. 
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